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WITH CUTOUTS BY A PERTURBATION LOAD TECHNIQUE 


By Harvey G. McComb, Jr. 
SUMMARY 


A method is presented for analyzing the stresses about а cutout in 
а Circular cylinder of semimonocoque construction. The method involves 
the use of so-called perturbation solutions which are superposed on the 
stress distribution that would exist in the structure with no cutout in 
such а way as to give the effects of a cutout. The method can be used 
for any loading case for which the structure without the cutout can be 
analyzed and is sufficiently versatile to account for stringer and shear 
reinforcement about the cutout. 


INTRODUCTION 


stresses near a cutout in а semimonocoque shell can be much higher 
than the stresses in the uniform shell some distance away from the cut- 
out. The stress distribution in the neighborhood of cutouts in circular 
semimonocoque cylinders is significant in the desigm of fuselages near 
large openings such as doors and in the determination of the most effi- 
cient reinforcement to be used about these openings. 


some previous investigations relating to the problem of stress 
analysis of cylindrical semimonocoque shells with cutouts were reported 
in references 1 to 5. In reference №, Cicala discussed the limitations 
of the analyses of references 1 to 3 - particularly the neglect of ring 
flexibility - and introduced the idea that the effect of a cutout can be 
reproduced by superposing certain perturbation stress states on the 
stresses which would occur in the shell without a cutout. 


The problem discussed by Cicala in reference 4 is that of а cutout 
in an infinitely long circular cylinder of semimonocoque construction. 
Cicala's analysis is somewhat limited because it can be used only for 
loading conditions which produce stringer stresses longitudinally anti- 
symmetric about the center line of the cutout (for example, torsion), 
and it cannot be used to determine the effects of coaming-stringer rein- 
forcement. The present report is an extension of the approach of Cicala 
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and presents a method of analysis which can be used with more general. 
loading conditions and with either shear or stringer reinforcement about 
the cutout. 


The stress perturbation approach is applied to tbe stress analysis 
of sheet-siringer panels with cutouts in reference 5. Three basic unit- 
perturbation solutions were used as tools in this method of analysis. 
The analogous perturbation solutions for а circular semimonocoque cylin- 
der have been developed in reference 6. The purpose of the present 
report is to explain the use of these perturbation solutions for the 
stress analysis of circular semimonocoque cylinders with cutouts. 


SYMBOLS 
А effective cross-sectlonal area of stringer 
А! cross-sectional area of additional portion of 
reinforced stringer 
b arc distance between stringers 
с = ARO : 
нь 
E Young's modulus of elasticity 
G shear modulus of elasticity 
I moment of inertia of ring cross section 
i,k indices for rings and bays 
dst indices for stringers and panel rows 
L distance between rings 
Mi, Mo applied moment and torque, respectively (see fig. 4) 
m total number of stringers in cylinder, m2 3 


magnitude of & concentrated perturbation load, lb 
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load in stringer j at ring station i 
P13 basic stringer load in stringer j at ring station i 


pyj(k,2) load in stringer j at ring station i due to a unit 
concentrated perturbation load on stringer 1 at ring 
station k 


py [5,2] load in stringer j at ring station i due to а unit 
shear perturbation load about shear panel (k,1) 


Q magnitude of а shear perturbation load, 1b/in. 
d4 4 shear flow in shear panel (i,j) 
913 basic shear flow in shear panel (1,4) 


q,4(k,7) shear flow in shear panel (1,3) due to a unit concen- 
trated perturbation load on stringer 2 at ring station K 


ТЕЙ shear flow in shear panel (1,3) due to a unit shear 
perturbation load about shear panel (k,2) 


R radius to middie surface of sheet 

S magnitude of & distributed perturbation load, lb 

t thickness of sheet 

t' thickness of additional portion of a reinforced shear 


panel, that is, doubler plate 


BASIC ASSUMPTIONS 


A typical structure of the type to be discussed in this report is 
shown in figure 1. It consists of a thin-walled circular cylinder 
stiffened by stringers. in the Longitudinal direction and by rings in 
the circumferential direction. A cutout is located in a bay far from 
the ends of the cylinder (the theory is limited to cases where external 
restraints and free sections are a lerge distance from the cutout). 

The cutout which is 1 bay long may remove an arbitrary number of shear 
panels and portions of stringers. 


The loading is considered to be such that buckling does not occur. 
Some possible loading conditions are shown in figure 1. Any other 
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loading condition is permissible if the stress distrjbution in the cyl- 
inder without the cutout is known. 


Ihe analysis is based on the following assumptions regarding the 
properties of the structure: 


(а) The stringers are uniform and equally spaced around the shell, 
and the sheet is of constant thickness. 


(b) The stringers carry only direct stress, and the sheet takes 
only shear stress which is constant within each bay; thus, stringer 
stresses vary linearly between adjacent rings. 


(c) The rings have a finite bending stiffness in their own planes, 
but they do not restrain Longitudinal displacements of the stringers. 
The ring bending is inextensional. 


(а) The difference between the radius of the neutral axis of the 
ring and the radius of the middle surface of the sheet is negligible. 


PERTURBATION STRESS DISTRIBUTIONS 


The tools for the method of analysis to be described are the stress 
distributions due to three types of loads, called perturbation loads, 
applied to an infinitely long circular cylinder with no cutout. One 
perturbation load consists of a concentrated force P imposed on one 
stringer of the shell at its intersection with a ring, the force acting 
in the direction of the stringer. This load is illustrated in fig- 
ure 2(a) and is called the concentrated perturbation load. A second 
type, illustrated in figure 2(b), is called the distributed perturbation 
load and consists of а force 5 uniformly distributed along the portion 
of one stringer which extends between two adjacent rings, the force 
acting in the direction of the stringer. The third type, shown in fig- 
ure 2(c), is called the shear perturbation load and consists of uniformly 
distributed forces per unit length Q applied along the stringers and 
rings that border one shear panel of the shell, the forces acting in 
such а way as to cause pure shear in that-panel. 


For each of the three perturbation loads, formulas were developed 
in reference 6 which give stringer loads in every stringer at each ring 
station and shear flows in each shear panel of the shell. By use of 
these formulas, tables of influence coefficients can be computed which 
give stringer loads and shear flows in the neighborhood of each pertur- 
bation Load due to & unit magnitude of that load. Such tables for a 
cylinder having 36 stringers and various values of the sheet-stringer 
parameter B are presented as tables 1 to 3. The tables presented are 
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only for the limiting case of rigid rings (ring flexibility parameter 

С = О). In this report, tables 1 to 3 are used to make sample calcula- 
tions illustrating the method of analysis for & shell with rigid rings. 
For a shell with flexible rings, the method of analysis is the same with 
the exception that tables which include the effect of ring flexibility 
will have to be used. 


The tables are not limited in application to cylinders with 
56 stringers. Та general, the total stringer агеа can simply be redistrib- 
uted into 56 fictitious stringers. The value of the parameter В 18 
not changed by such a redistribution of stringer area. Then the tables 
can be thought of as presenting (a) the load which is taken by all of 
the normal-stress-carrying material up to 59 on either side of the loca- 
tion of a fictitious stringer and (b) the shear flows at points in the 
sheet halfway between fictitious stringers. 


Table 1 contains the values of Pij and а 32 due to a concen- 


trated perturbation load Р = 1 on stringer | = О at ring station 
1 = О. Table 2 contains the values of рі; and 9 4L due to & dis- 


tributed perturbation load of total magnitude S = 1 on stringer j= 0 
between rings i= О and i= 1. Table 3 contains the values of pijfb 


and Q4 3 due to а shear perturbation load per unit length of magnitude 


Q = 1 about shear panel (0,0). The positive senses of the perturba- 
tion loads are the senses shown in figure 2; stringer loads аге assumed 
positive in tension, and shear flow is positive when an element of the 
sheet is loaded by shears which act in the positive sense of the shear 
perturbation load. The solutions for arbitrary locations of the per- 
turbation loads are readily obtained from the tables by means of changes 
of indices. 


The application of these perturbation loads and the stress distri- 
butions caused by them in the stress analysis of circular semimonocoque 
cylinders with cutouts is discussed in the following section. The per- 
turbation solutions are exact only for infinitely long cylinders.  How- 
ever, in the solution of a cutout problem, the perturbation loads are 
applied in self-equilibrating groups in order not to disturb the overall 
equilibrium of the structure; therefore, the stresses due to the per- 
turbation loads decay rapidly in the longitudinal direction.  Conse- 
quently, the application of perturbation stress distributions for an 
infinitely long cylinder to a cylinder of finite length is justified if 
the vicinity of application of the perturbation loads is far from the 
ends of the cylinder. 
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METHOD OF ANALYSIS 


Structure With No Reinforcement About Cutout- 


Application of perturbation loads.- Consider, first, & structure 
like that shown in figure 1 which has no reinforcement about the cut- 
out. The stress distribution in such а shell. can be thought of as a 
superposition of the stresses which would exist in the structure with- 
out-a cutout and perturbation stress distributions which arise because 
of the cutout. The structure without a cutout is called herein the 
basic structure. The stress distribution which would exist in this 
structure is called herein the basic stress distribution. Та tbe pres- 
ent report the basic stress distribution is assumed to be known. Then 
the problem of analyzing & structure with & cutout consists of the 
determination of the perturbation stress distributions to be superposed 
on the basic stresses in such а manner ав to annihilate the effects of 
that portion of the basic structure which lies within the boundaries of 
the cutout. Finding the proper magnitudes of these perturbation stresses 
invoives the solution of a system of simultaneous algebraic equations. 


At the cutout boundary in the structure with the cutout, two condi- 
tions must be satisfied: (a) zero stringer load wherever a stringer is 
interrupted by the cutout and (b) no external shear forces acting on the 
portions of stringers and rings which border the cutout. By superposing 
concentrated and shear perturbation loads on the basic structure, the 
resultant stresses can be made to satisfy these conditions. 


The method of analysis is as follows: 


(1) Find the stress distribution for the basic Воть that is, 
the cylinder without a cutout. 


(2) Place perturbation loads on the basic structure in the following 
manner: At each point where a stringer would be interrupted by the cut- 
out, place a concentrated perturbation load; and, about each shear panel 
which would be removed by the cutout, place a shear perturbation load. 
For the case of a cutout removing three shear panels and interrupting 
two stringers, these perturbation loads are shown in figure 3. 


(3) With the use of the tables of influence coefficients, write a 
set of simultaneous algebraic equations which state the following 
conditions: 


(a) At the points where-a stringer is to be interrupted by the 
cutout boundary, the resultant stringer load must vanish on the side 
of the boundary away from the cutout. This resultant stringer load 
ls composed of the basic stringer load plus the stringer load due to 
all the perturbation loads. 
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(b) In each shear panel which is to be removed by the cutout, 
the basic shear flow plus the shear flow due to all the perturbation 
loads must be equal to the shear perturbation load applied to the 
portions of stringers and rings which border that given panel. Thus, 
the shear flow exerted by the shear panel on the portions of stringers 
and rings bordering it will exactly cancel the shear perturbation 
load applied to those same portions of stringers and rings. 


(4) Solve the system of equations from step (3) for the magnitudes 
of the perturbation loads, and superpose the stress distributions due 
to these loads on the basic distribution. This procedure yields the 
stress distribution in the structure with cutout. 


Upon completion of these four steps, the magnitudes of the pertur- 
bation loads on the basic structure have been adjusted so that simul- 
taneous removal of that portion of the basic structure which lies within 
the cutout boundary and the perturbation loads themselves would not 
disturb the remainder of the structure. The perturbation loads are in 
equilibrium with the portion of the basic structure lying within the cut- 
out boundary. The stresses outside the cutout boundary in the basic 
structure subjected to the actual external loading together with the pertur- 
bation loads are precisely the same as the stresses in the structure with 
the cutout subjected to the external loading alone. 


Conditions 3(a) and 5(b) can be expressed mathematically by the 
following equations, respectively: 


D 2. Рур (8,1) + de 2. Qi 213 [x,2] + Ру; = 0 (1) 


E 2 P184 4051) + > 99а 3 [8,1] + Gy = 8, (2) 


The unknowns are Pris the magnitude of the concentrated perturbation 
load on stringer 2 at station k, and Өк, the magnitude of the shear 
perturbation load about shear panel (k,2). The coefficients Dy 4(&; 1) 


and 95381) аге found in table 1 and the coefficients prs [ks] 


and aj 38,2] are found in table 5. The summations in each case are 


extended over the appropriate perturbation loads. Equation (1) is 
written for each i,j where a stringer is to be interrupted by the 
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cutout and refers in each case to the stringer load as the point i,j 
is approached from within that portion of the structure lying outside 
the cutout boundary. Equation (2) is written for each i,j where а 
shear panel is to be removed by the cutout. The form of equations (1) 
and (2) is the same regardless of whether the rings are considered 
rigid or flexible. 


This method of analysis may be applied to а cylinder having a cut- 
out more than l bay long, but, in such a situation, the effects of 
removing ring segments from the region within the cutout boundary are 
neglected. Та the rigid-ring case, such effects do not exist if the 
cut rings remain effectively rigid; in the flexible-ring case, the 
effects of cutting а ring could, in principle, be taken into account 
through the introduction of additional types of perturbation loads. It 
is possible that even with flexible rings the effects of cutting а ring 
are negligible in certain cases, but this would have to be verified by 
further investigation. 


Sample calculation.- In order to illustrate the method of calcula- 
tion, the cylinder shown in figure 4 is analyzed. А cutout which removes 


three shear panels and interrupts two stringers is located in the cen- 
tral bay. The required properties of the cylinder are taken as follows: 


56 


0.260 ва in. 


B 
| 


15 in. 


p omm m 
ll 


12 in. 


ct 
ТІ 


0.051 іп. 


с 
| 
EJ 
| 
№ 
On 
P 
B 


Suppose that the cylinder is loaded with the bending moment Мі and 
torque М2 shown in figure №. 


Ihe perturbation load system for this problem is shown in figure 5. 
The concentrated perturbation loads are doubly symmetric about the cutout. 
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The shear perturbation loads are symmetric about panel row j = 

Let P represent the magnitude of each of the 2-2 a 
loads. Let Qo represent the magnitude of the shear perturbation load 
about shear panel (0,0); and let Q, represent the magnitude of the 
shear perturbation loads about 785 paneis (0,1) апа (0,-1). 


Equations (1) and (2) are written for this example by use of the 
tables of influence coefficients for В = 8. Equation (1) for the 
stringer load condition in stringer j = 1 at ring station i = 1 is 
written with the aid of tables l(a) and 3(a) 


-0.5000P + 0.0476P + 0.0895Р + 0.119291 - 0.1192901 - 0.0374Q|L + Бі) = 0 


where -P11 is the basic stringer load in stringer j = 1 at station 


1 = 1. Because of symmetry the same equation results when equation (1) 
is written for stringer j = 1 at station i = О or for stringer j = O 
at ring stations і = О or і = 1. Equation (2) for shear panel (0,0) 
is 


-0.2262 E4 0.2262 


byt 


- 0.2262 E + 0.2262 E + 0.6 z 
0.2262 = + 0.2262 = +0 98640 


2(0.0629)Q4 + Igo 


% 


where Чуу is the basic shear flow in shear panel (0,0). For shear 
panels (0,1) and (0,-1), equation (2) gives 


P | Р о. Р . P | _ 
-0.2262 IE 0.2262 3 0.1568 å 0.1368 å O 698601 
0.0629Q, + 0.01199. + ауу = Q4 


where q,, is the basic shear flow in shear panel (0,1). These three 
equations in the three unknowns Р, 90, and 9 become 


0.3629P + 0.119291. - 0.08189, L 


s 
Е 


0.35014Q,L + 0.1258Q, L 


Toot (3) 
0.062991. + 0.289591 = асар 
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For simplicity, let M, = М> = 100,000 ib-in. Та the present example, 


the basic stress distribution can be found from engineering beam theory 
which gives руу = 370 pounds and 4-0 = 4 = 70.8 lb/in. When these 


constants are introduced into the system of equations (5), the solution 
is i 


P 


91 


41 = 2,560 lb 


1,020 1b = 


1,750 1b 


Stringer loads and shear flows in the neighborhood of the cutout 
are obtained by superposing the effects of these perturbation loads on 
the basic stress distribution. For exemple, with the use of tables 1(a) 
and 3(a) the stringer load at the intersection of ring i = О ard 
stringer j = 2 is given by 


P(0.0895 + 0.0511) + Q,L(0.1192 + 0.0125) 4 QyL(0.0374) + 


Pog = 245 + Bop 


The basic stringer load Bop equals 358 pounds. Therefore, the load in 


stringer j=2 at ring і = О is 903 pounds. Other stringer loads at 
ring 1 = О are shown in figure 5(a). Тһе shear flow in shear 
panel (-1,1) is given by 


i |P(0.2262 + 0.1368 + 0.004% - 0.0360) +- 


Q,L(0.1357 - 0.0159) + qgL(0-0097). taii = 22.1 + da. 


The basic shear flow 41 y equals 70.8 1b/in. Thus, the shear flow in 
"rag 


panel (-1,1) is 125.9 lb/in. Other shear flows in bay i = -l are 
shown in figure 5(b), and in figure 5(c) are presented shear flows in 
the net section (bay i - 0). 


МАСА ТМ 5200 11 


Structure With Reinforcement About Cutout 


Shear reinforcement.- The method of analysis is easily extended to 
problems where shear panels are reinforced in the neighborhood of the 
cutout. Suppose that some of the shear panels around the cutout are 
reinforced by the addition of a certain thickness of sheet (i.e., a 
doubler plate). Then, the procedure consists of adding shear perturba- 
tion loads to each of these shear panels in the basic structure. On 
the doubler plates is placed the same shear perturbation load except 
with opposite sign. Then, for each reinforced shear panel, an equation. 
is written which states the requirement that the shear stress in the 
shear panel of the basic structure shall equal the shear stress in the 
doubler plate used to reinforce that panel. When this condition is 
satisfied, the loaded doubler plates can conceptually be inserted into 
the basic structure without disturbing continuity. The shear perturba- 
tion loads on the doubler plates cancel the shear perturbation loads on 
the basic structure. 


As an example, consider for simplicity the cylinder shown in fig- 
ure 4 loaded only with bending moment Му. The most highly loaded shear 


panels are those indicated by the vertical hatching in figure 6. Sup- 
pose, now, that these shear panels are reinforced by the addition of 
plates of thickness %! to the skin of thickness t во that the total 
thickness in these shear panels is t + t'. The perturbation load sys- 
tem to be placed on the basic structure is shown in figure 7. The four 
doubler plates of thickness t' are shown as free bodies in figure 7. 
The shear perturbation loads applied to them are of the same magnitude 
as those applied to the basic portions of the reinforced shear panels, 
but are opposite in sign. The conditions that must be satisfied are: 


(а) The stringer load is zero in stringers j=0 and 4-1 at 
stations 1 = О and i- 1 as each of these points is approached from 
the structure outside of the cutout. 


(b) The shear flow in shear panels (0,-1), (0,0), and (0,1) 
cancels any shear perturbation load applied about these panels. (In 
this example, no shear is developed in the shear panels of bay i = 0 
and this condition is automatically satisfied. ) 


(c) The shear stress in each of the shear panels (1,1), (1,-1), 
(-1,1), and (-1,-1) in the basic structure must equal the shear stress 
in the corresponding doubler plate. 


Condition. (a), which must hold where stringers j = О and ј = 1 
are interrupted by the cutout, is expressed by a single equation because 


of symmetry: 


(-0.5000 + 0.0476 + 0.0895)P + (-0.1192 - 0.0374 + 


0.0067 ~ 0.0118)QL + P1] = 0 
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where P and Q are tbe magnitudes of the-concentrated and shear per- 
turbation loads, respectively, and Pii is the basic stringer load. 


The condition in shear panel (1,1) that the shear stress in the basic 
portion of the sheet equals the shear stress in the doubler plate (con- 
dition (c)) is expressed as 


|(-0-2262 - 0.1368 - 0.0044 + 0.0560); + 
(0.6986 - 0.0119 - 0.0068 + 0.0052)Q| Å = -Q "I 


where t ids the thickness of the basic portion of the shear panel and 
t' is the thickness of the doubler plate. Because of symmetry, the 
same equation expresses condition (c) for the other three reinforced 
Shear panels. These equations become 


0.3629P + 0.1617QL = Б, 
-0.331ÀP + (E + 0.6851) qr. = 0 


For а given value of- t/t' and for а given magnitude of M4 (so that 
Рі) can be computed), this system of equations can be solved for P 


and Q, and the stress distributions due to these perturbation loads 
can then be superposed on the basic stress distribution to give the 
stresses about the cutout. 


Stringer reinforcement.- The method of analysis is also easily 
extended to problems where stringers are reinforced in the neighborhood 
of the cutout. For example, suppose the coaming stringers in the struc- 
ture shown in figure 4 have reinforcement of constant cross-sectional | 
area, extending 1 bay on either side of the cutout. This coaming- 
stringer reinforcement is illustrated in figure 8. Let the area of the 
added reinforcing portion of a coaming stringer be A' во that the 
total area of the reinforced portion of the stringer is А + A'. It is 
assumed that the stringer load is abruptly transmitted into the added 
portion of the reinforced coaming stringer so that the stress is always 
given by the force divided by the cross-sectional area. 


The perturbation load system to be placed on the basic structure 
is shown in figure 9. The added reinforcing portions of the coaming 
stringers are shown as free bodies in figure 9 with the proper pertur- 
bation loads applied to them. The conditions that must be satisfied 
are: 
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(а) The stringer load is zero in stringers 4 = 0 and 4=1 at 
stations i = О and і = 1 as each of these points is approached from 
the structure outside of the cutout. 


(b) The shear flow in shear panels (0,-1), (0,0), and (0,1) cancels 
any shear perturbation load applied about these shear panels. (This 
condition is automatically satisfied in this example.) 


(c) The stress in the basic portions of the coaming stringers 
3 = -l and j = 2 equals the stress in the added reinforcing portions 
at stations і = О and i= l. 


(а) In the basic portions of the coaming stringers j = -l and 
3 =2 at stations i= -1 and i = 2, when these points are approached 
from the side which is reinforced, the stress equals the stress at the 
ends of the added reinforcing portions of the coaming stringers. 


Because of the symmetry in this structure, only three equations are 
required. The unknowns are P4 and Pp, the magnitudes of the concen- 


trated perturbation loads, and 5, the magnitude of the distributed per- 
turbation loads. Condition (a), which must hold where stringer j = 1 


is interrupted by the cutout, is expressed with the use of tables 1(а) 
and 2(a) as follows: 


(-0.5000 + 0.0476 + 0.0895)P4 + (-0.0895 - 0.0511 - 0.0490 - O.OK75)P, + 


(-0.0727 - 0.0340 - 0.0629 - O.0h99)8 + pj, = 0 


The condition that the stringer stress in the basic portion of stringer 
3 = 2 equals the stress in the added reinforcing portion at station 
i-1 (condition (c)) is expressed as 


| (0.0895 + 0.0511,)P, + (-0.0476 - 0.0330 - 0.0565 - 0.0402)P, + 


(-0.1924 - 0.0195 - 0.0567 - 0.03579)8 + A = (Po + S 2. 


Finally, the condition that the stress in the basic portion of stringer 
j = 2, as the station і = 2 is approached from the reinforced side, 


equals the stress at the ends of the added reinforcing member (condi- 
tion (d)) is expressed as follows: 


I(-0.5000 - 0.0459 - 0.0394)P, + (0.1924 + 0.0195 - 0.0499 - 0.0398)8 + 
Po 
At 


(-0.0895 - 0.0511 + 0.0490 + 0.0475)Py + Tal $ = 
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0. 5629P4 + 0.2371P2 + 0.21958 = Буу 


А А -75 
-0.1406P, + Gå + 0.1773), + Fu + 0.3065) 8 = Bro 


A = 
O.Ok4IP, + tu + 0.5855) P, - 0.12228 - Pan 


When A/A' is known and the magnitude of-the external moment M, is 
known so that the basic stringer loads руу, Рур, and Po, can be com- 
puted, this system of equations can be solved for the unknowns Ру, Pos 


and 5. Superposition of the stresses due to these perturbation loads 
on the basic stress distribution yields the stresses sbout the cutout. 


In this example the basic stringer loads do not vary in the longi- 
tudinal direction, and the concentrated and distributed perturbation 
loads can be applied in pairs, equal in magnitude and opposite in sign, 
as shown in figure 9. However, in cases where the basic stringer loads 
do vary longitudinally, for example, when the-shell is loaded in shear 
and bending, the concentrated and distributed perturbation loads in 
general will not be equal in magnitude. Furthermore, additional dis- 
tributed perturbation loads will be necessary on the coaming stringers 
in bay 1 = 0. Now the stress conditions which were used in the exam- 
ple alone no longer provide а sufficient number of equations to deter- 
mine the magnitudes of the perturbation loads. The required supplemen- 
tary equations are-found from the conditions of equilibrium obtained 
when the added reinforcing portions of the coaming stringers are con- 
sidered as free bodies. 


Comparison of results for reinforced and unreinforced structures.- 
Some calculated results for the problems of cutouts with reinforcement 


just discussed are compared with the results for the structure without 
reinforcement in the following table: 
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Stringer load, 1b, for - 


Intersection of Structure Structure 
ring and stringer ¡Structure without; with reinforced with shear 
reinforcement  |coaming stringers, |reinforcement, 
t'=t 


Structure Structure 
with reinforced with shear 
coaming stringers, | reinforcement, 

1 


А t' 


The reinforced shear panels were assumed to have sheet twice ав thick as 
the uniform sheet; the reinforced portions of the coaming stringers were 
taken to have twice the area of the uniform stringers. The applied 
bending moment Му мав taken as 100,000 lb-in. | 


The following comparison is noted for these illustrative examples: 
In the case of coaming-stringer reinforcement, the maximum stringer load 
is increased, but the maximum stringer stress is decreased (because 
stringer area is doubled), and the maximum shear flow is not appreciably 
changed. In the case of shear reinforcement, the maximum shear flow is 
increased only slightly so that maximum shear stress is considerably 
reduced, and stringer loads are not appreciably affected. 


CONCLUDING REMARKS 


The method presented in this report facilitates stress analysis of 
circular semimonocoque cylinders with cutouts. It is most accurate in 
problems where the cutout is Located far from external restraints and 
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free sections. The loading may be any combination of torsion, bending, 
shear, axial loading, and, in fact, any Loading for which the basic stress 
distribution is known. Reinforcement about the cutout can be taken into 
consideration. | 


The method of analysis is based on the superposition of certain per- 
turbation stress distributions to give the effects of the cutout on the 
stress distribution which would exist in the cylinder without & cutout. 
The equations for the three necessary perturbation stress distributions 
are presented in NACA Technical Note 5199. Perturbation stress distri- 
butions in the-form of tables of influence coefficients are presented in 
this report for a 36-stringer shell having rigid rings. The tables can 
be used for cylinders having any number of stringers by "relumping" the 
actual stringers into 56 fictitious stringers. These tables are used.in 
the report to make sample-calculations which illustrate the analytical 
procedure. The procedure does not change in the case for which the cyl- 
inder has flexible rings except that tables of influence coefficients 
which include the effects of ring flexibility would have to be used. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., June 16, 1954. 
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TABLE 2.- LOAD DISTRIBUTION DUE TO A UNIT DISTRIBUTED PERTURBATION LOAD 
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TABLE 2.- LOAD DISTRIBUTION DUE TO A UNIT DISTRIBUTED PERTURBATION LOAD 
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TABLE 2.- LOAD DISTRIBUTION DUE TO A UNIT DISTRIBUTED PERTURBATION LOAD 
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TABLE 2.- LOAD DISTRIBUTION DUE TO A UNIT DISTRIBUTED PERTURBATION LOAD 
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TABLE 2.- LOAD DISTRIBUTION DUE TO A UNIT DISTRIBUTED PERTURBATION LOAD 
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TABLE 5.- LOAD DISTRIBUTION DUE TO A UNIT SHEAR PERTURBATION LOAD 
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TABLE 3.- LOAD DISTRIBUTION DUE TO A UNIT SHEAR PERTURBATION LOAD 
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TABLE 5.- LOAD DISTRIBUTION DUE TO A UNIT SHEAR PERTURBATION LOAD 
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TABLE 5.- LOAD DISTRIBUTION DUE TO A UNIT SHEAR PERTURBATION LOAD 
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TABLE 5.- LOAD DISTRIBUTION DUE TO A UNIT SHEAR PERTURBATION LOAD 
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Ring Ring 


(c) Shear 


Figure 2.- Perturbation loads. 
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Ring 


Figure 5.- Application of perturbation loads. 


Figure h.- Circul&r cylinder with cutout used in sample calculation. 
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(b) Sheor flow In bay adjacent to cutout (bay l=-1). 


Figure 5.- Continued. 
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(c) Shear flow in net section (bay 1-0). 


Figure 5.- Concluded. 
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Section, A-A 


Figure 6.- Cutout with shear reinforcement. 
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Section А-А 


Figure 7.- Perturbation load system for a problem of shear reinforcement. 
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Section А-А 


Figure 8.- Cutout with reinforced coaming stringers. 
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Figure 9.- Perturbation load system Рог a problem of coaming-stringer 


reinforcement. 
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